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Mitsuhiro Nakashima* : Spore germination and protonema 
development in Hygrobiella nishimurae 
N. Kitag., Hepaticae 
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The genus Hygrobiella in the family Cephaloziaceae seems to consist of 
two species: H. laxifolia (Hook.) Spr. and H. nishimurae N. Kitag. (Kitagawa 
1982). H. nishimurae was described as a new species on the basis of several 
specimens collected from a few sites in Japan by Kitagawa (1982). Nakashima 
(1984) studied the sporophyte of H. nishimurae and stated that there are no 
remarkable differences between the sporophyte of H. laxifolia and that of H. 
nishimurae. 

On the other hand, spore germination and protonema development in the 
genus Hygrobiella have never been studied. In this paper, spore germination 
and protonema development of H. nishimurae will be discussed and also compared 
to those of 4 other Cephaloziaceae genera: Cephalozia, Nowellia, Odontoschisma, 
and Schijfneria, which have already been investigated by several researchers. 

Material and method Plants with mature sporangia of H. nishimurae were 
collected from wet boulders along a stream in a deciduous broad-leaved forest in 
Hiramidani (620 m in altitude), Hiroshima-ken on February 28, 1982. The spores 
were sown on March 3, 1982. 

A medium comprised of one-half-strength Knop’s solution was used for 
culture study. Spores from mature capsules, well washed with distilled water, 
were sown in closed petri dishes with about 20 ml of autoclaved medium. The 
cultures were maintained between 20-23°C under light for 12 hours a day. The 
light source used was fluorescent with an intensity of about 2,500 lux. Obser¬ 
vations were carried out for a month. 

Observations Spores with several chloroplasts were finely papillose and 
spherical, measuring about 18-22 ,«m in diameter (Fig. la). Within a few days, 
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Fig. 2. Protonema development in Hygrobiella mshimurae N. Kitag. a. Massive and irregular 
protonema with a rhizoid (X250). b. Massive and irregular protonema forming young 
plant (X50). c. Upper part of a leafy shoot with primary leaves (x250). 


the spores swelled to about 22-26 /tm in diameter (Fig. lb, c), and the first 
cross wall was formed making two cells of the same size. These 2-celled 
protonemata developed into massive ones with rhizoids. Large parts of these 
2-6-celled massive protonemata were covered with thin spore walls which were 
obscurely recognizable (Fig. 1 d-k). After the spore walls ruptured, several- 
celled protonemata developed into massive and irregular protonemata (Fig. 1 
1-n; Fig. 2 a). Furthermore, a few apical cells with three cutting faces began 
to develop into massive cells in about 10 days (Fig. 1 o-r). After a few 
young plants developed directly through cell segmentation (Fig. 1 s-v; Fig. 2 b), 
leafy shoots with primary one-celled leaves were formed on the upper parts of 
the young plants without leaves in a month (Fig. 1 w; Fig. 2 c). Generally, a 
few plants developed from one spore. 

Discussion The types of the spore germination in Jungermanniales are 
divided into the following two basic types: the exosporous type in which 
protonemata are formed outside the spore wall, and the endosporous type in 
which protonemata are formed inside the spore wall (Fulford 1956, Schuster 
1966, Nehira 1966, 1983). In the early stages of spore germination in H. 
nishimurae, protonemata developed inside their spore walls. Later, subsequent 
to exospore rupture, massive secondary protonemata developed. Such a germi¬ 
nation type with dimorphic protonemata is divided into two groups: Ceratole- 
jeunea- type and Pleurozia- type (Nehira 1983). The spore walls covering the 
primary protonemata of species in both Ceratolejeunea and Pleurozia are thick. 
However, those in Hygrobiella are very thin. So, the spore walls of Hygro¬ 
biella nishimurae are different from the spore walls of species in the genera 
Ceratolejeunea and Pleurozia. On the other hand, according to Fulford (1956), 
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primary leaves organized in one row are characteristic of exosporous germination 
species, while primary leaves organized in several rows are characteristic of 
endosporous germination species. Since the primary leaves of H. nishimurae 
are one-celled and are organized in one row, we can conclude that its spore 
germination is exosporous. 

Excluding the protonemata formed inside spore walls in the early stage, 
germination in Hygrobiella nishimurae is similar to the Nardia-type in which 
it forms irregular and massive protonemata. 

The types of the spore germination in Cephaloziaceae were studied in 
genera of Cephalozia, Nowellia, Odontoschisma and Schiffneria (Goebel 1889, 
Fulford 1955, Nehira 1962) and included into the exosporous germination group 
as summarized by Nehira (1983). Germination in the species of Cephalozia, 
Nowellia and Schiffneria belongs to the Cephalozia- type of the spore germination 
which has filamentous protonemata (Nehira 1983). But the species of the 
genus Odontoschisma belong to the Nardia- type spore germination group and 
are characterized by various forms of protonemata (Nehira 1983). The types 
of the spore germination in Odontoschisma denudatum (Nees) Dum. and O. 
grosseverrucosum Steph., as observed by Nehira (1962), are of the Nardia- 
type, but the protonemata of these species are filamentous. So the type of the 
spore germination in the genus Odontoschisma is very similar to Cephalozia- 
type spore germination. On the other hand, Hygrobiella protonemata are not 
filamentous, but are massive and irregular. As mentioned above, the type of 
the spore germination in Hygrobiella distinctly differs from the types in the 4 
genera of Cephaloziaceae in the formation of either filamentous or massive and 
irregular protonemata. 

The author wishes to express many thanks to Prof. K. Nehira of Hiroshima 
University for his valuable suggestions and his critical reading of this manuscript 
and is also grateful to Caroline F. Benton of Hiroshima Prefectural Board of 
Education and C. Takamura of Hiroshima Prefectural Koyo-higashi Senior High 
School for kindly reading this manuscript and offering valuable criticisms. 
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